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Abstract
This thesis describes a tracking application that allows parents to track and monitor the
movement of their children for safety reasons. In this application, Global Positioning
System (GPS) and Global System for Mobile Communications (GSM) / General Packet
Radio Service (GPRS) technologies are employed to track a child. Specific details about
the hardware and software utilized in the project are discussed.
A key ingredient of any tracking application is the wireless transfer of data containing
location information back to a central server where the information can be processed.
Depending on the scope of the application and the technological tools that are available,
there are several ways to transmit the data. Besides the GPRS technology that is deployed
in the child tracking application, alternative means for transmitting data wirelessly from
the tracking unit to the central server over a wide area are explored. Popular options
available in the U.S. market include GPRS, CDMA, CDPD, SMS, pager and satellite
technologies. Short-range wireless transmission technologies like Wi-Fi and Bluetooth
are not discussed, as their limited transmission ranges are not able to fulfill the
requirements needed for remote tracking.
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1. Introduction
Figure 1. Projected growth of worldwide users of wireless location-based information
(Strategis Group, 2001)
According to a research report by Strategy Analytics, location-based services can reach
$8 billion by 2008 (Taylor, 2003). These services are poised for strong growth in the next
few years (Figure 1) and numerous applications have been created to take advantage of
the potential in this industry.
1011'rmatil"
Services
Figure 2. Types of location-based services (Dellarocas, 2003)
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As shown in Figure 2, there are numerous types of location-based services that make use
of information about a person's whereabouts to create or add value for an individual. The
child tracking application is a unique location-based tracking service that allows parents
to keep a close watch over their children even if they are at work.
The motivation for embarking on such a project is strong as personal safety issues are
becoming more important to people and spending in this industry segment continues to
rise (Stepanek, 2002). Two social trends support the need for child safety solutions in the
United States: increasing concerns over child abductions in the United States and the
growing number of working parents with less time to dedicate to their children.
According to the FBI's National Crime Information Center, there were 840,279 missing
persons in 2001, of which 85-90% were juveniles (FBI's NCIC, 2003).
Due to recent advances in GPS and data transmission technologies, a technological
solution is now feasible and can be used to alleviate the problem of child abductions. The
solution includes assembling a stand-alone miniature tracking unit that can be
conveniently carried by a child and building a web-enabled system that will allow parents
to find out about the location of their children over the Internet in real-time.
SWI
Internet
1lie
1'* JModem
Communication
TowerU4
Server Datbase
Figure 3. Basic layout of the child tracking system
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2. Key Components of a Tracking System
The first generation of commercial tracking devices is designed for locating ships and
vehicles. These units are huge and bulky, and draw large amounts of power directly from
the ship's or the vehicle's own fuel resources. With a new generation of wireless data
transmission technologies and the availability of miniature low-powered GPS chipsets,
new applications such as the child-tracking application are possible.
In any tracking application, there are at least two important factors to consider when
choosing the type of technology to deploy, namely the need for a stand-alone self-
powered tracking unit and the ability to receive and transmit location information over a
wide area in order for tracking to be effective.
2.1 Tracking unit
The final design of the tracking unit will depend on the functions that the unit is supposed
to fulfill. For example, in an Automatic Vehicle Location System (AVLS) application,
compromises can be made in the size of the tracking unit and power can be drawn
directly from the vehicle by connecting an adapter to the cigarette lighter outlet. In most
tracking applications however, anonymity of the tracking units is essential and design
efforts are focused on coming up with miniature tracking units.
The following are essential components that are contained in a GPS-based tracking unit:
1. GPS receiver and antenna
The GPS receiver and antenna are needed to receive location information such as
latitude and longitude coordinates from the GPS satellites.
2. Data-transmitting machine
This is commonly a modem that transmits location information that is received by
the GPS receiver earlier back to a central server.
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3. Independent power supply
Traditionally, GPS chips draw huge amounts of power from its sources by using
direct power cable connections to an electrical outlet in a vehicle or vessel. In
light of many new location-based applications, chip manufacturers have designed
new low-powered GPS chips to support stand-alone devices. Still, a compact,
sustainable and independent power supply that is appropriate for each tracking
application has to be sourced.
4. Mini processor
The processor is needed to run small programs that are used to store location
information and instruct the modem to send out the data at pre-determined
intervals.
2.2 Wireless data transmission medium
There is a plethora of wireless data transmission technologies in the market and each has
its own set of merits and disadvantages. The common wide area wireless data
communication technologies available in the market are GSM/GPRS, CDMA, CDPD,
SMS, pager and satellite technologies. When deciding on the type of technology to use in
an application, there are numerous factors to consider.
1. Cost of service
Each technology comes with varying costs and almost all of them require a
monthly subscription fee. Depending on the individual service provider that is
providing the transmission medium, there can be a further charge that is rated
upon the amount of data that is being sent.
2. Size of data
Different technologies provide for different data transmission capacities and
transmission speeds. For example, typical SMS (Short Message Service)
allows only 160 bytes or characters to be sent in each message. In many
11
tracking applications such as the child tracking application, the amount of data
that is being sent across the network is minimal as it only contains a unique
identifier for the tracking device and the latitude and longitude coordinates.
As a result, most of the wireless communication technologies can be used in
nearly all types of tracking applications.
3. Immediacy of data
This raises the issue of the reliability of the transmission technology involved.
The amount of delay that is permitted is dependent on the application that is
pursued. Along with the reliability, the frequency in which the location
information should be relayed from the tracking device has to be analyzed. If
the frequency is too high, redundant information will be received,
transmission costs will increase and power sources will run out faster. On the
other hand, the effectiveness of tracking will be diminished if the frequency is
reduced.
4. Coverage
The only truly ubiquitous wireless transmission technology is satellite
technology, which can track down people from any part of the globe.
Although cellular technologies can potentially track down people nationwide
or even in other countries with global roaming, its networks are unreachable
in many remote areas where no cell towers exist. This can be due to
regulations such as those implemented to protect the sanctity in National
Reserves or simply because of profitability concerns over building cell towers
in remote areas.
While coverage will determine the effectiveness of the tracking application, it
will inadvertently affect the size of the market that is available for any
tracking products to be sold. A tracking product cannot be used in an area that
is out of coverage since no transmissions can be received.
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5. Infrastructure
This is normally not a consideration if commercial cellular technologies or
satellite technology is used. However, if radio modems are employed in a
tracking application, radio towers such as the ones used in cellular networks
have to be built. As a result, the coverage will depend on the number and
location of the radio towers that are built. With a typically small coverage
area, radio modems and self-built towers can be used in amusement parks or
trade fairs.
6. Security of the air link
Depending on the application, security of the data can be a concern. Most
wireless technologies such as those employed in wireless local area networks
are not well adapted for secure communications and can be subject to
'eavesdropping'. Encryption techniques are used in most wide area data
transmission technologies.
7. Availability
The availability of the technology in a certain locality is tied in with its
coverage. The coverage of each technology will depend on the individual
service provider.
8. Regulations
Government regulations will restrict the kind of technology that is allowed to
be used publicly and privately, the bandwidth in which each technology is
allowed to operate in and the licensing of the GPS and data-transmitting
equipment.
Due to the dynamic changes in the wireless data industry, the significance of each factor
is likely to fluctuate with time and the vulnerability and adaptability of a tracking
application to possible changes should be examined. For example, in the child tracking
13
unit, SMS can be used to support the tracking operation in the event that GPRS fails to
function.
2.3 Server computer
Location data from the tracking units are transmitted wirelessly to a server computer. A
program on the computer needs to constantly 'listen' out for network activity. Any data
received will be parsed and stored into a database. According to the needs of the
application, further processing of the data can be performed to generate user-friendly web
pages.
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3. System Architecture of the Child Tracking System
In the child tracking system, the migration of data occurs in three stages: the transmission
of location information from the GPS satellites to the tracking unit, the transmission of
collected data from tracking unit to the central server and the display of the child's
location on the World Wide Web (Figure 4).
PDA couer Laptop
Sta e I Stage 2
Communication
Tower
Stage 3
Internet
Modem
Server~
Figure 4. System architecture of child tracking system
3.1 How it works
Stage 1 - Transmission of location information from GPS satellites to tracking unit
In this initial stage, GPS technology is used to determine the location of the child. Using
the GPS antenna and the GPS receiver that are embedded in the tracking unit, M 110,
information about the child's locality is transmitted from the satellites to the tracking
unit. The child must be outdoors for GPS to function and signals from a minimum of
three satellites are needed to calculate the child's location.
15
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Stage 2 - Transmission of collected data from tracking unit to server computer
GPRS cellular technology is used as the medium for data transmission. Using existing
transmission towers and GSM cellular networks, the GPRS-enabled modem that is
contained in the tracking unit will feed the location information back to the central server
at a predetermined frequency. This information will be stored in a SQL database in the
server computer. Since GPRS is a cellular technology, the signal strength of the modem
is as good as common cellular phones and data transmission will work indoors. However,
coupled with the limitations of GPS, updated tracking information will not be transmitted
when the tracking unit is moved indoors.
Stage 3 - Display location information in a graphical map display on the World
Wide Web
The tracking unit will allow parents to monitor the movement of their children over the
Internet from any web-enabled device anytime of the day. Information about the child's
location is retrieved from the database of the central server computer. When a parent logs
on to the website to make location queries, a web service that can transform latitude and
longitude information into a graphical display is used to generate a map of the child's
location. For this purpose, the web services provided by Microsoft MapPoint .NET are
used.
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4. Global Positioning System (GPS)
The first wireless data migration in the child tracking application occurs when data is fed
from the satellites to the GPS receiver in the tracking unit. GPS is a popular choice for
location-based services because of three primary reasons.
1. Precision
The GPS system can locate objects to within about three hundred feet anywhere
on or above the Earth. Greater accuracy, usually within less than a centimeter, can
be obtained using differential GPS, a method that relies on corrections calculated
by a second GPS receiver at a known fixed location.
2. Ubiquity
By using satellites as the backbone of the GPS system, objects can be located in
any place, so long as they are above the ground and under the satellites. Other
wireless technologies are limited by their transmission ranges.
3. Free technology
Anyone with a GPS receiver can easily detect the signals transmitted by the
satellites and find his or her own location. There are no transmission costs or
service fees involved for using GPS.
4.1 How GPS works
This worldwide radio-navigation system is formed from a constellation of 24 satellites
orbiting at 11,000 nautical miles above the Earth. They are continuously monitored by
ground stations located worldwide and are positioned so that signals can be received from
six of them nearly all the time at any point on Earth.
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Figure 5. GPS system (Trimble, 2003)
The GPS system consists of three core parts: the space segment, the user segment, and
the control segment (Figure 5). The space segment consists of the constellation of 24
satellites orbiting above the Earth. The user segment consists of the GPS receivers that
users carry to receive satellite signals containing location information such as latitude and
longitude coordinates while the control segment consists of five ground stations located
around the world that ensures the proper functioning of the satellites.
The basic working of the GPS involves triangulation of signals from at least three
satellites. Using fundamental laws of geometry, it is understood that to find a straight
line, the intersection of two lines is needed, whereas to find a point in 3-D space, at least
three lines are needed to establish a point. In using triangulation, the GPS receiver has to
know two things: the location of at least three satellites and the distance between the GPS
receiver and each of those satellites. The exact locations of the satellites are determined
and carefully monitored by the ground stations. To measure the distance between the
GPS receiver and the satellite, the travel time of the radio signals is measured. Satellites
are equipped with very precise clocks that keep time accurate to within three
nanoseconds. This precision timing is needed for the receiver to determine exactly how
18
long it takes for signals to travel from each GPS satellite. Finally, corrections must be
made for any delays the signals experience as they travel through the atmosphere.
4.2 GPS applications
In the growing location-based services industry, GPS is essential for almost every
application. Along with the decreasing cost of manufacturing miniature GPS chips, new
business avenues and applications are emerging each day. Besides locating people, GPS
has managed to find its way into vehicles, boats, airplanes, guided missiles, cell phones
and even laptop computers. Potentially, it could become a universal utility like the
telephone.
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5. Tracking Device
In order to consistently follow the movement of a child, a tracking device has to be worn
or carried by the child. In the case of a child tracking application, an additional feature
must be considered. As much as technically possible, the tracking device must be
miniaturized so as to prevent detection of the device by potential abductors.
Camouflaging the tracking device is a possibility. A popular choice among child tracking
applications is to integrate the tracking device with a watch, a common adornment that is
unlikely to attract excessive attention.
In the child tracking application, the M 110 GPS GPRS tri-band modem is used as the
tracking unit.
5.1 M110 GPS GPRS tri-band modem
Figure 6. M110 GPS GPRS tri-band modem, antenna and power source
The M 110 (Figure 6) is manufactured by WMCS, Belgium. It is a GPRS modem capable
of using UDP or TCP/IP connections for data transfer and can either function as a stand-
alone unit or be connected at a terminal with other equipment that has no TCP/IP stack
(BCR, 2003). Seven I/O pins are used to control or monitor external events. This
configuration serves any stand-alone applications where fast data transfer, global
positioning, or event control is needed.
A key feature of the M 110 tri-band modem is its ability to support the three main GSM
frequencies (GSM-900, DCS-1800, and PCS-1900). It can therefore be used in the United
20
States, Europe, Asia-Pacific, Canada and South America. Data can be sent to the server
over the Internet, using either GPRS or SMS. This compact and complete product
includes an integrated GPS module and an on-board processor, which makes it easy for
the user to deploy in any application. It is a flexible device that suits many different types
of applications. Besides tracking, it can be used for other applications like telemetry,
security systems, data logging, and remote equipment monitoring.
The technical specifications of the M 110 unit are outlined in Figure 7 and the layout of the
components in the unit is shown in Figure 8.
Size: 65xl3Ox25 mm
Weight: 225g
Volume: 211 cc
Housing material: ABS 20% Flame Retardant
Interface connector Sub-0 female 9-pins, ± 15kV ESD-protected, RS232 Serial
Asynchronous full flow DCE control
RF output connector: SMA matching 50 Q GSM antenna
Power Supply connector. 12-18V/500mA DC Power Connector (Male) 2.1 mm or Mini Fit Jr connector.
(60V Power Lead in option)
Figure 7. Technical specifications of M110 (BCR, 2003)
Figure 8. Layout of the M110 (BCR, 2003)
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The standard MI 10 unit consists of the following three main components.
1. Motorola GSM/GPRS tri-band G18 modem
2. Motorola OnCore M12 GPS unit
3. Ultra low power processor
5.1.1 Motorola GSMIGPRS tri-band G18 modem
The GSM/GPRS tri-band G18 modem supports data, fax and SMS transfer in GSM
networks. Once the GSM tri-band modem connects to the service provider's network, the
device behaves like a standard modem or a fax modem. The modem is configurable using
the serial port. Standard AT commands according to ETSI standards are used to program
the unit (BCR, 2003). The modem supports GPRS data transfer and is dedicated to
applications utilizing GSM 900, 1800 and 1900 MHz networks. In the United States, the
1900 MHz network is used.
5.1.2 Motorola OnCore M12 GPS unit
Figure 9. Motorola OnCore M12 GPS unit (BCR, 2003)
The OnCore M12 unit (Figure 9) is a highly integrated single board GPS receiver module
optimized specifically for tracking applications. The GPS receiver tracks the NAVSTAR
GPS constellation of satellites. The satellite signals received by an active antenna are
tracked with 12 parallel channels of LI, C/A code. They are then down-converted to an
IF frequency and digitally processed to obtain a full navigation solution of position,
velocity, time and heading (BCR, 2003). The result is then sent directly over the serial
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link via the 9-pin connector or can be redirected over the MSP processor to the GSM port
and the GPRS network (BCR, 2003).
5.1.3 Ultra low power processor
A 6-MHz clocked MSP processor, with 60kB Flash Memory and 2kB RAM, controls
both the GSM and GPS modules (BCR, 2003). Actual GPS coordinates can thus be
provided at a distance by using the GSM unit as an intermediary to transmit the
information. The processor is equipped with standard software that supports all basic
operations. The advantage of using the MSP processor is that, along with a tailored
hardware design, low-power performance can be reached. When running in the lowest
power mode, with all modules either switched off, or in the sleep or stand-by mode, the
power consumption can go as low as 90pAh (BCR, 2003). This enables applications
where no external power supply is available.
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5.2 Software configuration
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Figure 10. MINO Control Console (WMCS, 2002)
The M 110 comes along with a software program, the M 110 Control Console (Figure 10)
that facilitates the usage of the M 110. With this interface, users can perform the
following functions.
" Reprogram the Ml 10 by flashing
" Follow the process flows in any of 4 debug modes
* Interact with the M 110 by predefined commands
" Define the parameter settings that control the M110 overall operation.
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5.2.1 M110 General Settings
W11 se'Ig xfJ
ienjiiU] Report I 6PRS I SMS | 6PS 1 Wirelss I Sensors I Battery
Operation Mode Modem Initialization -
P Stand-Alone liii Enter vaJid SIM Pin Code
F Transparent W Auto-initialize Prepwe Modem
Enable Module -
L GSM P GPRS f- SMS F -iTh
{GPS W I/O-Port r SMS-Bu r E~ueToot
Debug Level - - - Baud Rate
SO-Noner- 1 -Infor 2 -Fow r 3 -DataI
M11oINIT.lNl After Update
Load Csbe Wdow P Reset MSP
Read Update
Figure 11. M110 General Settings
The process parameters are set and defined by the user in the Ml 10 general settings. In
the child tracking application, the settings displayed in Figure 11 are used. The selected
settings are stored into flash memory when updated.
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5.2.2 M110 Report Settings
General RIotL P M I GPi s s ip Wreless Isenms Batteij
Define Report Format - - -
P IMEI W MsglD F Unit-ID
F Always Report Alarm(s) F Acknowledge Expected
F I/O Status
F NMEA String(s) P Show GPS Extractions
P Terse (Short Form) Format
F Include CheckSum
Protocol Type -- Report Interval Time
TCP ('UDPF Seconds
Read Update
Figure 12. M110 Report Settings
An explanation of the key report settings is provided below.
" IMEI: The IMEI number (International Mobile Subscriber Identity) is a 15-digit
number that uniquely identifies a piece of telecommunication equipment. It can be
used as a primary key in a table in any relational databases and should be sent
along with any message to the central server machine.
" Terse (Short Form) Format: This format allows the report produced by the M110
to be as short as possible. This is recommended in any application since the cost
of telecommunication service is often dependent on the amount of data that is
sent.
" Protocol Type: A choice of either using TCP or UDP as the transmission protocol.
The UDP protocol is used in the child tracking application.
* Interval: The frequency in which the report is being sent to the central server can
be adjusted. In a tracking application, the balance between the cost of data
transmission and the effectiveness of tracking is reflected here.
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5.2.3 M110 GPRS Settings
M I10 Settings X
GennlaI Repeat RPjSMS I 6 IPS Wireoes Senors I Batteay
APN linteret2voicesteam.com
UserName F Password
IPAddresses Port Nmb
Module IP Address. K K K
Primary DNS .............
Secondary DNS........ K K K
Remote IP Address . 8 8 F 1129 8002
----- - - ----___ _- Client ReConnect Conditions
Quality of Sevice R Number of Retries io -1
Qalr Of SFVire P rovider No Activity (minutes) 130 -
ReadI Update
Figure 13. M110 GPRS Settings
An explanation of the key GPRS settings is provided below.
9 APN: Access Point Name of the GPRS network provider. With T-Mobile, the
APN is 'intemet2.voicestream.com' and the username and password fields are left
empty.
* Module IP: The service provider can assign an IP address to the M 110 unit.
* Primary DNS: Primary Domain Name Server IP Address
9 Secondary DNS: Secondary Domain Name Server IP Address
* Remote IP Address: This defines the IP address of the server that the information
is going to be sent to. Along with the port number, a client server connection is set
up.
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5.2.4 M110 GPS Settings
1 I10 Settings x
General I Report GPRS I SMS fi5IN Wireless Sensors Battery
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Figure 14. M110 GPS Settings
An explanation of the key GPS settings is provided below.
" GPS Fix Rate: This shows the rate (0 to 60 seconds) at which GPS data is
extracted from the satellites.
" CGA: GPS Fixed Data
" GLL: Geographic Position-Latitude/Longitude
* GSA: GPS DOP and Active Satellites
* GSV: Satellites in View
" VTG: Track Made Good and Ground Speed
* ZDA: Time and Date information
" RMC: Recommended Minimum Specific GPS /Transit Data
" Coordinates (NMEA): Latitude and longitude in default NMEA format
(dd.mmmmmm)
* Coordinates (degrees): Latitude and longitude in converted degrees format
(ddd.dddd)
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" Output via GSM Port: Enables indirect GPS string output at baud rate of 57600
b/s.
* Communication via I/O Port: Enables direct GPS communication using I/O port.
5.2 Power source
Figure 15. Independent Power Source
Eight AA-size NiMH rechargeable batteries placed in a battery holder (in a 4 by 2
configuration) are used as the power source (Figure 15).
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6. Data Transfer from Tracking Device to Server Computer
W 
_I
Figure 16. Placing the SIM card in the M110 (BCR, 2003)
A SIM card is needed for utilizing the GPRS service. SIM cards need to be GPRS-
enabled and can be purchased from telecommunication service providers. In the United
States, the GSM network is still not mature although its proliferation in the near future is
expected, as mobile companies are keen on selling data services to their customers. To
use the M 110 unit, a SIM card needs to be placed in the unit as shown in Figure 16.
6.1 GSM/GPRS
General Packet Radio Service (GPRS) is used to transmit location information over the
T-Mobile GSM cellular network. More details about the technology, including its
advantages and limitations are discussed in Chapter 12.1.
6.2 T-mobile GPRS data plan
T-mobile SIM cards and data plans are used in the child tracking application. T-Mobile
(formerly also known as VoiceStream) has the most open standards and is one of the
most established GSM carriers in the United States. In Boston Massachusetts, USA,
Cingular Wireless and AT&T started offering GSM connections in September 2002.
The key advantage of using T-Mobile SIM cards is that they are interoperable across
different telecommunication devices. Some other major carriers only allow their SIM
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cards to work on their own cellular phones; each SIM card is tagged to the unique IMEI
number of the telecommunication device and cannot be used on other devices. Since the
M 110 unit is a custom-made telecommunication device that is not commercially sold by
mobile companies, interoperability is important and is needed for the SIM cards to work
with the M 110. In order to use T-mobile's data services in the child tracking application,
the Access Point Name (APN) has to be set to 'intemet2.voicestream.com' using the
M 110 Control Console. No username and password is needed.
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7. Client/Server System
A Client/Server system is needed for a tracking device to communicate with a central
server. In the child tracking project, a server program is written in C# programming
language to listen for any network activity. The client program is integrated in the M110
product and is configured using the Ml 10 Control Console.
7.1 Client/Server System Server Program
Figure 17 shows a scaled down version of the actual source code that is written to listen
out for network activity on the server. The connection is established on port 8002 on the
server's computer using UDP protocol.
using System;
using System.Net;
using System.Net.Sockets;
using System.Threading;
using System. IO;
public class UdpServer{
private const int UdpPort = 8002;
public Thread UdpThread;
public UdpServer (
UdpThread = new Thread(new ThreadStart(StartReceiveFrom2));
UdpThread.Start (;
public static void Main(String[j argv){
UdpServer sts = new UdpServer();
public void StartReceiveFrom2()({
IPHostEntry localHostEntry;
Socket soUdp = new Socket(AddressFamily.InterNetwork, SocketType.Dgram, ProtocolType.Udp);
localHostEntry = Dns.GetHostByName (Dns.GetHostName () );
IPEndPoint localIpEndPoint = new IPEndPoint(localHostEntry.AddressList[0], UdpPort);
soUdp.Bind(localIpEndPoint);
while (true){
Byte[] received = new Byte[256];
IPEndPoint tmpIpEndPoint = new IPEndPoint(localHostEntry.AddressList(0], UdpPort);
EndPoint remoteEP = (tmpIpEndPoint);
int bytesReceived = soUdp.ReceiveFrom(received, ref remoteEP);
String dataReceived = System.Text.Encoding. ASCII.GetString (received);
Console.WriteLine(dataReceived);
Figure 17. Client/Server System Server program source code
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The output from the server program is shown in the console window as seen in Figure 18.
The IMEI number of the modem, the message sequence number and the latitude and the
longitude are contained in the output strings.
Figure 18. Client/Server System Server program output
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8. SQL database
The database in the server computer is used to store tracking information so that the
information can be further processed. SQL 2000 is used to manage and process the
tracking information.
8.1 SQL database
The tracking information is stored in a SQL database on the server's computer. The
server program is modified so that the tracking information that is feeding into the server
is dynamically added or updated in the SQL database (Figure 19).
// UPDATE
// Update SQL table
String updateCmd = "UPDATE LATEST SET Time=GSignal, Latitude=@Lat, Longitude=@Long WHERE UnitKey=@IdNo";
SqlCommand SqlCommand2 = new SqlCommand(updateCmd, conn);
deviceID = elements[1];
SqlComand2.Parameters.Add(new SqlParameter( "@IdNo", SqlDbType.Char, 15));
SqlCommand2.Parameters["@IdNo"].Value = deviceID;
time = System.DateTime.Now.ToString(;
SqlCommand2 .Parameters. Add (new SqlParameter ("@Signal", SqlDbType.NVarChar, 20));
SqlCommand2.Parameters["@Signal"] .Value = time;
lon = elements[6];
convertO = Double.Parse(lon.Substring(1,2));
converti = (Double. Parse (lon.Substring (3, 2) /60.0;
convert2 = (Double.Parse (lon.Substring(6,4))) 60/36000000.0;
convert3 = -(convert2 + converti + convertO);
stringi = convert3.ToString(;
lon1 = stringl.Substring(0,8);
Decimal londec = Decimal.Parse (loni);
SqlCommand2.Parameters.Add(new SqlParameter ("@Long", SqlDbType.Decimal, 9));
SqlCommand2.Parameters(["@Long"] 
.Value = londed1;
lat = elementsE4];
convertO = Double.Parse (lat.Substring(0,2));
converti = (Double.Parse (lat.Substring(2,2)))/60.0;
convert2 = (Double.Parse (lat.Substring(5,4))) *60.0/36000000.0;
convert3 = convert0+convert1+convert2;
string2 = convert3.ToString();
lati = string2.Substring(0,8);
Decimal latdec = Decimal.Parse(latl);
SqlCommand2.Parameters.Add(new SqlParameter("OLat", SqlDbType.Decimal, 9));
SqlCommand2.Parameters["@Lat"].Value = latdec;
SqlC ommand2 .ExecuteNonQuery);
Figure 19. SQL database access source code
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String parsing is performed as well to convert the format of the GPS coordinates into
decimal format. Decimal format is required by the Microsoft MapPoint .NET web
services.
For each tracking device, there are two tables that are created. Although all tracking data
will be stored in the main table, 'MAIN' (Figure 20), a second table called 'LATEST'
(Figure 21) is created to allow for easy map generation using Microsoft MapPoint .NET.
UnitKey Time ILatitude ILongitude 1
350030951135782 4/4/2003 2:00:19 PM 42.359091 -71.101281
350030951135782 4/4/2003 2:00:24 PM 42.359095 -71.101285
350030951135782 4/4/2003 2:56:55 PM 42.35898 -71.101195
350030951135782 4/4/2003 2:57:35 PM 42.358795 -71.101015
350030951135782 4/4/2003 2:58:10 PM 42.358916 -71.100768
350030951135782 4/4/2003 2:58:20 PM 42.359038 -71.100588
350030951135782 4/4/2003 2:58:25 PM 42.359038 -71.100585
350030951135782 4/4/2003 2:58:40 PM 42.359011 -71.100568
350030951135782 4/4/2003 2:59:10 PM 42.359013 -71.100555
350030951135782 4/4/2003 2:59:25 PM 42.358935 -71.100496
350030951135782 4/4/2003 2:59:35 PM 42.358935 -71.100425
350030951135782 4/4/2003 2:59:40 PM 42.35916 -71.10064
350030951135782 4/4/2003 2:59:45 PM 42.35925 -71.100813
350030951135782 4/4/2003 3:07:30 PM 42.35084 -71.1010978
350030951135782 4/4/2003 3:07:37 PM 42.350681 
-71.1011046
350030951135782 4/4/2003 3:07:42 PM 42.35084 -71.1010978
350030951135782 4/4/2003 3:07:45 PM 42.350733 -71.101246
350030951135782 4/4/2003 3:07:55 PM 42.35087 -71.1013735
350030951135782 4/4/2003 3:08:00 PM 42.35101 -71.1014856
350030951135782 4/4/2003 3:08:10 PM 42.351186 -71.1015593
350030951135782 4/4/2003 3:08:20 PM 42.351476 
-71.110541
350030951135782 4/4/2003 3:08:25 PM 42.351565 -71.11111
350030951135782 4/4/2003 3:08:30 PM 42.351601 -71.111415
350030951135782 4/4/2003 3:08:45 PM 42.351618 -71.111435
350030951135782 4/4/2003 3:09:00 PM 42.351765 -71.112368
350030951135782 41412003 1:39:50 PM 42.358916 -71.101053
Figure 20. SQL database table 'Main'
0 I'll .1. TTsri 'I K on Ioat) U17^17
UnitKey Time Latitude Long tude
350030951135782 4/4/2003 3:09:05 F 42.35184 -71.1196
Figure 21. SQL database table 'LATEST'
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Each map generation operation requires the latest set of coordinate information in order
to provide the most up-to-date tracking information. If the 'MAIN' table is used to find
the latest set of location coordinates in the 'MAIN' table, each entry of the table will have
to be checked for the most recent time stamp. It is further noted that the last entry in the
table 'MAIIN' is not always the recent entry. Hence, the 'LATEST' table is set up to
overcome this computationally expensive process. It will contain only a single entry as a
copy of the last set of coordinates that is received by the server will be updated directly
using the 'LATEST' table.
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9. Microsoft MapPoint .NET
MapPoint .NET is a programmable XML Web service developed and hosted by software
giant, Microsoft Corporation. MapPoint .NET enables developers to integrate location
intelligence and mapping capabilities into applications while providing them with full
programming control. This Web service contains cartographic, demographic, business
listing, construction, traffic and other data. Developers can incorporate this Web service
into their applications in order to gain access to this information. Based on a multi-tiered
Client/Server platform, MapPoint .NET offers a highly cost-effective way of providing
location and mapping features in both business and consumer applications.
9.1 Usage of Web services
MapPoint .NET has revolutionized the way in which Geographic Information System
(GIS) solutions are developed by exploiting the many advantages of Web service
technologies. It combines location and mapping data into a single, subscription-based
Web service that is platform and language-independent. Further, the use of Web services
has eliminated both the cost of GIS data management and the efforts invested in GIS
tools that are previously focused on creating of cartographic data.
There are numerous reasons why Microsoft MapPoint .NET is the perfect mapping
software tool to use in delivering mapping functionalities and location-based information.
1. The information that MapPoint .NET provides in their web services is temporal.
There is an enormous amount of cartographic data, points of interest and
demographic information that needs to be updated on a regular basis in order to
keep the map system current. It is much more convenient and efficient for the web
service provider, Microsoft Corporation, to manage the data on a company's
behalf. This will help companies focus their resources on building core
competencies instead of developing and updating GIS solutions.
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2. The main focus of the child tracking application is to provide a tracking system
that has extensive features and capabilities, rather than one with huge client side
processes. Web services are efficient conduits for adding functionalities to the
software solution. Through the use of SOAP and XML, features can be easily
integrated into a system without excessive burden on the server.
3. A key requirement of the child tracking application is to allow parents to access
tracking data on mobile devices and all other Internet-enabled devices. This
means that location-based information has to be delivered 'anytime, anywhere
and on any device'. XMEL Web service technology is the appropriate technology
to use for this purpose.
9.2 Three-tier distributed Client/Server Architecture
The web system is built on a three-tier distributed Client/Server architecture as shown in
Figure 22. The top tier is the user interface where client services (text input, dialog and
display options) reside. The MapPoint .NET Web service constitutes the bottom tier; it
contains cartographic, demographic, business listings as well as other data, and
communicates with the server when needed. The middle tier consists of the server and a
database. The web application runs on this layer, providing a link between the Web
service and the client interface. It uses the MapPoint .NET Web service in order generate
maps, route directions and other location-based information. The connectivity between
the tiers is intrinsically different; communication between the MapPoint .NET layer and
the server is done using the SOAP protocol whereas the user interface and the server
communicate using the HTTP protocol.
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Figure 22. Three-tier distributed Client/Server Architecture
9.2.1 MapPoint .NET Server
This server is a proxy for the MapPoint .NET Web service, which is hosted inside an
application or server. It provides additional local functionalities for a particular
application besides those offered by MapPoint .Net itself. User permissions are handled
on this server and authorized users can request for maps and location information. The
server communicates directly with the MapPoint .NET Web service.
9.2.2 Client Applications
Client applications reside on client machines such as desktops, laptops and handheld
devices. The front end of the Web services is represented here as user inputs are collected
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and consumed by the Web services. Internet users can access maps and location
information using user-friendly GUI's (Graphical User Interfaces) and take advantage of
all MapPoint .NET functionalities without having any knowledge of software
programming.
9.2.3 Application Architecture
Presentation Tier
ASP.net
Web Forms
Middle Tier Data Tier
SQL Server
Figure 23. Application Architecture
The web application is built upon three logical layers (Figure 23). The presentation layer
refers to the web application pages that were developed using ASP .NET. The middle tier
is the communication layer between the ASP .NET Web Forms and the SQL Server
database; it encapsulates all the business and logical components of the web application
and uses ADO .NET for data access. The data layer is basically a repository containing
data such as user-related information, unit-related information and latitude and longitude
coordinates corresponding to the tracking unit's location. Geographic data is retrieved
from MapPoint .NET automatically every time a location-specific method is invoked by
the user.
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9.3 Microsoft MapPoint .NET Authentication
MapPoint .NET uses the HTTP Digest Access Authentication Scheme to authenticate the
calls made to the SOAP APIs. A 45-day free evaluation account is set up with Microsoft
in the child tracking project to gain access to the MapPoint NET Web service.
In order to establish a connection with MapPoint .NET, the middle-tier component (the
child tracking application) requires certain information provided by the Web service
provider, Microsoft. The connection string needs to be supplied to the connection object
every time a web-method is called. It is placed in the settings of the web application's
configuration file, "web.config". This will avoid the need to recompile the solution every
time the password changes. At the same time, the performance of the application is not
compromised since the string is cached and is retrieved from "web.config" file only when
there is a change.
Figure 24 shows the code sample written in the C# programming language that
authenticates the user and subsequently allows access to the 'Render Service' in
MapPoint .NET. The code is written in "Global.asax", a file that is used for responding to
application-level events raise by ASP .NET or HTTP modules.
// Create and set the logon information
NetworkCredential ourCredentials = new NetworkCredential(
ConfigurationSettings .AppSettings ["UserName"],
ConfigurationSettings.AppSettings["Password"] );
// Create the render service, pointing at the correct location
renderService = new MapPointService.RenderServiceSoap (;
renderService.Credentials = ourCredentials;
renderService.PreAuthenticate = true;
Figure 24. Source code for Authentication in MapPoint .NET
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9.4 How it works
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Figure 25. MapPoint .NET Software Architecture
The sequence of steps that are taken by the web system when a user uses the website to
locate a tracking unit is illustrated in Figure 25.
> Step 1: The web application prompts an authenticated end-user to select the unit
for which the location information is requested. The web page contains a button,
called 'Get-Map' that sends a request via HTTP Post when it is clicked.
> Step 2: The server takes the information that the end-user posts and passes it to
the corresponding method contained in the 'Render-Service' class in MapPoint
.NET.
> Step 3: A URL to the map's image is returned along with additional information
about the map.
> Step 4: The server relays this URL back to the client.
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Step 5: The client's browser renders the HTML. When it gets to the <IMG> tag, it
asks for the .gif file from MapPoint .NET directly using the URL that is received.
> Step 6: MapPoint .NET returns the image and the process is complete.
Note that the MapPoint .NET servers actually generate the map and then cache the .gif
file until the client uses the URL to get the map.
9.5 Data Sources
Almost all the methods in the MapPoint .NET make use of the data sources. They
constitute the foundation on which the MapPoint .NET functionalities are based. Based
on the sort of information they contain, data sources are divided into three main
categories, namely maps, point-of-interest information and icons.
9.5.1 Maps
The map data source contains geographic data and is used to render maps in a number of
different map styles and languages. The map data source is divided into four categories:
Europe, North America, World and Moon maps. The first three categories contain
geographic entities such as airports, police stations, historical sites, and parks. In
addition, the Europe and North America maps contain street address and routing data for
a number of countries or regions and can be used to find addresses and calculate routes.
9.5.2 Points-of-Interest
The Points-of-Interest data source includes information about businesses and
organizations in several countries and regions in Europe and North America. These data
sources are used to locate specific points of interest within a specified distance of a
certain location. The information returned from this data source can be used with the map
data source to find addresses, calculate routes, and render maps. There are 35 point-of-
interest data sources in MapPoint .NET.
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9.5.3 Icons
The icon data source is composed of an assortment of handy images that can be used as a
pointer to identify certain places on a map. The icon images returned from this data
source can be used with the map data source or points-of-interest data source to pinpoint
specific locations.
9.5.4 Functionalities and Services provided by MapPoint .Net
Using latitude and longitude coordinates, addresses and geographic entity types, the
following core functionalities are provided by MapPoint .NET.
" Generation of driving directions
* Display of detailed and easy-to-read maps
" Finding and validating addresses and places
" Finding geographic entities
* Performing proximity searches for points of interest
" Finding a particular point of interest in a specified range from a center point
" Geo-coding
There are four core services provided by MapPoint .NET: Common, Find, Render, and
Route. Each service has a corresponding class that is used in the SOAP headers. SOAP
headers offer a convenient way of delivering data to and from an XML Web service. In
MapPoint .NET, two SOAP headers are used for each service, one for customer-defined
transaction logging, and the other for setting the context-related information that defines
the locale, language, and unit of measurement.
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Figure 26 shows a sample C# source code that sets the language before calling a method.
//Declare header variables
UserInfoFindHeader myUserInfoFindHeader = new UserInfoFindHeadero;
UserInfoRouteHeader myUserInfoRouteHeader = new UserInfoRouteHeader );
Culture Info myCultureInfo = new CultureInfo ();
//Set the language to Spanish before calling the method
myCultureInfo.Name = "es";
myUserInfoFindHeader.Culture = myCultureInfo;
findService.UserInfoFindHeaderValue = myUserInfoFindHeader;
Figure 26. SOAP Headers in MapPoint .NET
9.5.4.1 Common Service
The Common service contains classes, methods, and properties that are common to the
Find, Route, and Render services.
The methods of Common service are listed below.
* 'GetCountryRegionlnfo' returns the country or region name, entity ID, latitude
and longitude coordinates, codes, and language for a specified entity.
* 'GetDataSourcelnfo' returns the functionality and name of a specified data
source.
* 'GetEntityTypes' returns the entity types and their corresponding properties
contained in a specified data source.
* 'GetGreatCircleDistances' returns an array of great circle distances, in decimal
degrees, between specified points.
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" 'GetVersionInfo' returns the descriptive name and the related version number of
the current version of the MapPoint .NET service.
" 'ParseAddress' parses a specified address string and returns an address.
9.5.4.2 Render Service
The Render service allows the user to render maps of routes and found locations, place
pushpins, set the map size and map view, select points on a map, get location information
about points on a map, pan and zoom a rendered map, and create clickable maps.
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Figure 27. MapPoint .Net Map Rendering Web Service
The methods of Render service are shown in Figure 27 and are further explained below.
* 'GetMap' returns a map image, a map view, and hot areas (small icons used to
identify key features or locations) based on the settings defined by the user.
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* 'GetBestMapView' returns the best map view for a selected location or set of
locations. The best map view is the largest scaled map that contains all the desired
locations.
" 'ConvertToLatLong' converts pixel coordinates to latitude and longitude
coordinates on a specific map, thereby returning the latitude and longitude for a
pixel on a rendered map.
* 'ConvertToPoint' converts latitude and longitude coordinates to pixel coordinates
on a specific map, thereby returning the pixel coordinates for a latitude and
longitude on a rendered map.
9.5.4.3 Route Service
Route service allows the user to generate routes, driving directions, and calculated route
representations (used to render a highlighted route on the map) using locations and
waypoints. It can also be used to set segment and route preferences, and generate map
views of segments and directions.
The methods of Route service are listed below.
* 'CalculateRoute' returns a route based on route segments and specifications.
" 'CalculateSimpleRoute' returns a route based on specified waypoints.
9.5.4.4 Find Service
Find service allows users to locate addresses, geographic entities, latitude and longitude
coordinates, and points of interest from the MapPoint .NET data sources. It also parses
addresses and returns location information for a particular set of latitude and longitude
coordinates.
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The methods of Find service are listed below.
* 'Find' returns a list of found places based on search options. The results are
generated according to the search criteria.
* 'FindAddress' returns a list of found addresses based on search options. The
results are generated according to the search criteria.
* 'FindNearby' returns a list of found points of interest based on the entity type.
The results are generated according to its proximity to a selected point.
* 'GetLocationInfo' returns a list of addresses and geographic entities within a
specified distance from a specified set of latitude and longitude coordinates.
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10. Software Model
Software models are used to aid in software development. They are used to incrementally
document items that are unclear, develop code in well-defined classes and communicate
the intent, functions and system scenarios of the software to the user. The domain rules
(business rules) of the objects or classes of the system are encapsulated in these domain
objects and the interaction among these objects is demonstrated.
10.1 Data Model
An object-oriented approach is used to gain a thorough understanding of the systems
requirements. A scenario-based description of how users interact with the system is
reflected in the objects, their attributes as well as their association with other classes. A
description of the entities and attributes that make up the data model of the child tracking
application is provided below (Figure 28).
Customer table: This table is used to store and extract information such as
customer contact information login name and password. The primary key will be
an ID assigned to every customer that owns a unit. This table has a zero-to-many
relationship with the Unit Table since a customer can own more than a unit.
Unit table: This table is used to store all the units in the system with their
corresponding owner. The primary key is the IMEI (Chapter 5.2.2) of the unit.
This table has a one-to-many relationship with the Position Table since a new
position is added and stored at predetermined for each unit.
Position Table: This table is used to retrieve the current position of every
registered unit in the system. The primary key is a combination of the timestamp
and the IMEI number of the unit.
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Data Model
Figure 28. Data model
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10.2 Activity Model
The activity model diagram (Figure 29) provides a description of the actions that the
system and the user both undertake after the user logs on to the website of the child
tracking system.
[Next selection]Sytem displays the units pertaining to user
user chooses to update personal information
user request Loca
Location based i
user chooses to display location of unit
users requests route information
tion Based Information
User enters his address
nformation displayed
nform aion di pl y R outfing inform ation displayed
) System prompts user to make another selection/log out
[User logs-out]
Figure 29. Activity Model
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The key processes are as follows:
1. Once the system verifies the identity of the web user using the login name and
password, units belonging to the customer are displayed.
2. A branching node offers two options for the user, the first being the map
generation service and the second, an option that allows the user to change his or
her contact information.
3. If the map generation utility is selected, the user is given a choice of obtaining
route direction to the unit's location or accessing location-based information in
the vicinity of the unit. If the former option is chosen, the user has to key in his or
her current address as input parameters. The system will subsequently present
detailed driving directions to reach the unit, along with a map that shows the path
to be followed. This information can be saved to a file or printed directly to a
printer.
The location-based information consists of an assortment of relevant places of
interest in the vicinity of the unit's location, such as police stations, fire
departments and gas stations.
4. Finally, the user has the option of logging out of the system or to continue
tracking another unit.
10.3 System Process
The system process describes the different processes and actions that the child tracking
system carries out when interacting with user requests (Figure 30).
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Figure 30. System Process
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11. User Interface
General information about the child tracking product and services for potential customers
is shown on the website. Along with a simple demonstration, instructions on how to track
a lost child are detailed. Parents will log on to the website to retrieve information about
his or her child's location. The following functionalities are provided on the website.
* General information about the child tracking system is provided. This includes a
description of the device and the services offered.
" A customer can login to access private and personal information and locate the
position of a unit by inputting the unit product key.
" Users are given a list of all the units (in the case where the user will possess more
than one unit) that he or she owns, along with a description of each unit and a
locate functionality for each of them.
* Users can zoom in/out and navigate through maps displaying a unit's location.
" The address nearest the location of the unit can be provided.
* The user can refresh the map to monitor a unit continuously.
* The user has the option of displaying a unit's position for a certain time period.
This will allow the user to have an idea of the child's movement at all times of the
day.
* Driving directions are provided to the user with the help of a map showing the
path to be followed in order to reach the unit's location. The distance and the time
required to get to the final destination are also stated.
* The user can choose between the shortest way and the quickest way to get to the
location of the unit.
* The user can access location-based information close to the unit's position.
" A particular point of interest, such as a fire station can be displayed in a specified
distance away from the unit's location.
* The user is able to update his or her personal information.
* Customer can create a new account and send feedback to the web administrators.
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11.1 Structure of Web System
Figure 31. Structure of Web System
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11.2 Web pages
In total, there are 16 web pages in this web-based system. The following section contains
snapshots (Figure 32 to Figure 37) that are obtained from the user interface of the web-
based system.
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12. Evaluation of Wireless Data Transmission Technologies
A wireless wide area network (wireless WAN) is needed for a ubiquitous tracking
application to be successful. A wireless WAN is essentially a network with computers
connected over long distances without wires. Until recently, people have been reluctant to
use wireless WAN because the technologies available then were unacceptably slow as
standards for wireless WAN access only supported data transfer at about 19k per second.
12.1 GSMI/GPRS
General Packet Radio Service (GPRS) is a new non-voice value-added service that allows
data to be sent and received across a mobile telephone network. Standardization of GPRS
was initiated by ETSI/SMG in 1994 and the main set of GPRS specifications was
approved by SMG #25 in 1997 and completed in 1999 (Lin, 2001).
GPRS works on existing GSM infrastructure and this gives the technology a distinctive
advantage since the transmission towers for this technology have already been built and
the cellular network covers most parts of the United States. Most implementation costs of
the existing GSM nodes are software related (Table 1).
Network Element
MS
MTS
BSC
TRAU
MSC.VLR
HLR
SGSN
GGSN
Software
Upgrade required
Upgrade required
Upgrade required
No change
Upgrade required
Upgrade required
New
New
Hardware
Upgrade required
No change
PCU interface
No change
No change
No change
New
New
Table 1. GSM network elements impact by GPRS (Lin, 2001)
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According to a wireless system vendor Nokia, a very basic GPRS upgrade can cost only
$1 million, compared with the $8 billion that Vodafone paid for a 3G license in the U.K.
(Dornan, 2002).
12.1.1 Key features of GPRS
(Wagner, 2001)
Some of the key features of GPRS technology are listed below.
" Speed
GPRS relies on packet-switched data to send and receive information across
mobile cellular networks much like transmission across a standard wired network.
Speeds of up to 44kbps (theoretical maximum speeds are up to 171.2 kbps) can be
expected from GPRS, more than twice as fast as conventional wireless WAN
technologies allow.
" Immediacy
GPRS allows instant connections whereby data can be transmitted immediately as
and when the need arises, subject to radio coverage. No dial-up connection is
required. High immediacy is an important feature for time critical applications.
" Packet switching
GPRS involves overlaying a packet based air interface on the existing circuit
switched GSM network. It uses a protocol called GTP (GPRS Tunneling
Protocol), which is similar to IP, the protocol used by the Internet (Doman, 2002).
* Spectrum efficiency
Packet switching means that GPRS radio resources are used only when users are
actually sending or receiving data. Rather than dedicating a radio channel to a
mobile data user for a fixed period of time, the available radio resource can be
concurrently shared between several users. This efficient use of scarce radio
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resources means that large numbers of GPRS users can potentially share the same
bandwidth and be served from a single cell. Because of the spectrum efficiency of
GPRS, there is less need to build in idle capacity that is only used during peak
hours.
* Internet compatibility
GPRS fully enables mobile Internet functionality by allowing interworking
between the existing Internet and the new GPRS network. Any service that is used
over the fixed Internet will be available over the mobile network because of
GPRS.
12.1.2 Limitations of GPRS
(Wagner, 2001)
Although GPRS offers a major improvement in spectrum efficiency, capability and
functionality over traditional cellular data transmission technologies, there are certain
limitations in the technology.
" Limited cell capacity for all users
GPRS impacts a network's existing cell capacity. There are only limited radio
resources that can be deployed for different uses; use for one purpose precludes
simultaneous use for another. For example, voice and GPRS calls both use the
same network resources. The extent of the impact depends upon the number of
timeslots that are reserved for exclusive use of GPRS. However, GPRS does
dynamically manage channel allocation and allow a reduction in peak time
signaling channel loading by sending short messages over GPRS channels instead
(Wagner, 2001).
* Lower speeds in reality
Achieving the theoretical maximum GPRS data transmission speed of 172.2 kbps
would require a single user taking over all eight timeslots without any error
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protection. It is unlikely that a network operator will allow all timeslots to be used
by a single GPRS user. Additionally, the initial GPRS terminals are expected to
be severely limited - supporting only one, two or three timeslots. The bandwidth
available to a GPRS user will therefore be severely limited. As such, the
theoretical maximum GPRS speeds should be checked against the reality of
constraints in the networks and terminals. The reality is that mobile networks are
always likely to have lower data transmission speeds than fixed networks.
12.2 CDMA
The only system to use Code Division Multiple Access (CDMA) in the twentieth century
is cdmaOne, a 2G technology that is developed by Qualcomm (Dornan, 2002). CDMA
involves no slot or frame structure; every cellular machine just transmits and receives all
the time, sending many duplicates of the same information to ensure that at least one gets
through. CdmaOne uses a Walsh code, a set of 64 numbers, each 64 bits long that have
been calculated to cancel each other out (Dornan, 2002). Each user has a different Walsh
code. Every bit is effectively sent 64 times. Although the downlink speed per user is 19.2
kbps, the cellular device is actually listening to 1,228 kbps (64x19.2).
Today, there are several flavors of CDMA and some of them are listed in Table 2.
Initially, CDMA carriers deployed IS-95A networks, allowing data transmission at 14.4
kbps. Building on top of these IS-95A networks, carriers are beginning to deploy 1xRTT-
based CDMA networks that offer packet-switched CDMA services up to 154 Kbps
(Sierra Wireless, 2001).
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CDMA System Channel Chip Rate Max Real
Bandwidth Capacity Capacity
CdmaOne IS-95b 1.25 MHz 1.2288 MHz 115.2 kbps 20 kbps
CDMA2000 1xMC 1.25 MHz 1.2288 MHz 384 kbps 64 kbps
CDMA2000 1xEV-DO 1.25 MHz 1.2288 MHz 2.4 Mbps 384 kbps
CDMA2000 1xEV-DV 1.25 MHz 1.2288 MHz 5.2 Mbps Unknown
CDMA2000 3xMC 3.75 MHz 3.6864 MHz 4 Mbps Unknown
UMTS (W-CDMA) 5 MHz 4.096 MHz 4 Mbps 384 kbps
Table 2. CDMA Systems (Dornan, 2002)
The advantage of using CDMA is that the same channel can be used by several different
cellular devices and by every base station at the same time. This means that adjacent cells
can use the same frequencies, unlike FDMA and TDMA systems. This makes CDMA
very efficient in terms of spectrum.
The main disadvantage of CDMA systems is their power consumption. By transmitting
everything 64 times, a cdmaOne cellular device will drain its battery much faster when
compared to its peers.
There are two main 3G systems that are based on CDMA: W-CDMA and CDMA2000.
Both fall under the IMT-2000 initiative and will offer packet-switched data at rates
exceeding 384 kbps (Dornan, 2002).
W-CDMA is designed to be backward-compatible with GSM but requires new spectrum.
Apart from the wider bandwidth, the major difference between W-CDMA and cdmaOne
is the need for time synchronization. W-CDMA is designed to operate without the Global
Positioning System (GPS) timing signals required by cdmaOne base stations, in part
because it will be difficult to receive transmissions from a satellite indoors. Politics also
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plays a role; since GPS is controlled by the U.S. Defense Department, many other
countries are reluctant to rely on the goodwill of the United States.
CDMA2000 is a straightforward upgrade from cdmaOne but consists of several
competing proposals. Rather than building a whole new radio system, network operators
are upgrading their existing cdmaOne networks with new software. The upgrades are
collectively known as CDMA2000.
12.3 CDPD
Cellular Digital Packet Data (CDPD) is a simple packet-switched overlay to early
networks like AMPS and D-AMPS (Doman, 2002). It uses a single channel in each cell
for data, with a maximum capacity of 19.2 kbps downstream and 9.6 kbps upstream. The
throughput available to an individual is in fact lower since the capacity is shared among
all users in a cell.
CDPD is available in most major cities in the United Sates and is the only way to send
data through an analog AMPS network. With the advent of 2.5G and 3G technologies
however, the future of CDPD is uncertain. Some major cellular operators have plans to
pull out CDPD completely from their networks. AT&T Wireless stopped selling the
service March 2003 and will discontinue the service as of June 2004 (Schwartz, 2003).
12.4 SMS
Short Message Service (SMS) is the only messaging standard to have achieved
widespread acceptance. It began as part of the Global System for Mobile Communication
(GSM) but have since spread to other digital and analog networks (Table 3).
SMS is known as a store-and-forward service because messages are held in a computer's
memory for some time before they are transmitted. The sender has no guarantee that the
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message will be received within a certain time period. As a result, it is not suitable for
time sensitive applications.
The other major disadvantage of SMS is the limitation on the amount of data that can be
sent across the network. For example, GSM imposes a limit of 160 bytes (characters) that
can be sent on each message.
Technology Message Simultaneous Direction
Length Speech
Digital GSM/GPRS 160 bytes Yes Terminate and
Originate
D-AMPS 160 bytes Yes Terminate only
cdmaOne 256 bytes Yes Terminate and
Originate
PDC 160 bytes Yes Terminate and
Originate
TETRA 260 bytes Yes Terminate and
Originate
IDEN 140 bytes Yes Terminate and
Originate
Analog NMT No limit Yes Terminate and
Originate
AMPS 14 bytes Yes Terminate only
Table 3. Mobile Phone Systems Supporting SMS (Dornan, 2002)
12.5 Paging
The first pagers were numeric pagers that are capable of handling only digits 0 to 9.
Modem pagers are nearly all alphanumeric; besides numbers, these pagers are able to
display letters and other character sets.
Despite the growth of cellular wireless data, the popularity of pagers is still strong in
many countries. Pagers are small, light, cheap and have low subscription fees. The
coverage of pagers is also better because the networks are well established and paging
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systems use lower frequencies, which allow a larger cell size. In established markets,
two-way paging systems have allowed pagers to compete with more advanced packet-
switched systems. As a result, business and consumer products like Blackberry have
emerged to take advantage of these two-way systems.
12.6 Satellite
Satellite communication was launched in October 1957 when the satellite Sputnik I
carried out telemetry communications with the ground for 21 days (Golding, 1998). As a
unique system that has a communication station in space, satellite technology offers
unparallel advantages when compared to other wireless data transmission technologies
(Golding, 1998).
" Ability to provide service over wide areas, including rural areas, water areas and
large volumes of air space
" Ability to allocate resources to different users over the coverage region
" Distance-insensitive costs
* Ability to provide point-to-multipoint (broadcast), multipoint-to-point (data
collection), and point-to-point communications
0 Ability to have direct access to users
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Figure 38. Satellite orbits around Earth (Dornan, 2002)
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Generally, satellites fall into three different categories: Low Earth Orbit (LEO) satellites,
Medium Earth Orbit (MEO) satellites and Geosynchronous Earth Orbit (GEO) satellites.
As can be seen in Figure 38, the key difference with these three kinds of satellites is the
height in which they orbit around Earth. Traditionally, the GEO satellites have been most
frequently used for communications. As a result of the altitude differences in which these
three different satellites orbit, there are three major issues to consider when choosing the
kind of satellites to employ.
1. Higher orbits take a longer time to reflect a signal back to Earth. GEO
satellites are typically less suitable for applications such as voice or high-
speed file transfer than LEO systems.
2. Higher orbits cover a larger area. This makes GEO satellites ideal for
broadcasting and multicasting.
3. The orbital period of a satellite increases, as the satellite gets higher. This
will affect coverage at different time periods, depending on the number of
satellites in each category.
There are two main types of architectures used by satellites. The first is the "Bent-Pipe"
satellite relay (Figure 39) in which the satellite transponder performs signal amplification
and frequency translation (Farserotu, 2001). Any user with the appropriate terminal can
make use of the satellite.
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Figure 39. GEO bent-pipe satellite relay service (Farserotu, 2001)
The second is the "Switch-in-the-Sky" architecture (Figure 40). This structure requires
substantial on-board processing but is able to offer better performance and more
sophisticated networking capabilities.
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Figure 40. Satellite "Switch-in-the-Sky" network (Farserotu, 2001)
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12.7 Summary of Mobile Technologies
Figure 41 gives a summary of the data rates (stated and actual) that are plausible with
mobile technologies.
Data Rate In kps
100 !L
10 PD CSM EN P
pj ~384 24I) 10.000
W-fMA EDGE 1X RTT IxEV-DD HSrFA
Figure 41. Summary of mobile data transmission technologies (Dornan, 2002)
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13. Conclusion
Currently, wireless WAN technologies are expensive to deploy when compared to
wireless LANs such as Wi-Fi. Almost all of the mobile technologies require a monthly
subscription fee whereas users have to be concerned about licensing and the initial setup
cost when using satellite technology. In the child tracking application for example, even
though a low amount of data is transferred each month using GPRS, the cheapest
available data plan (5MB) still costs $19.90 per month. Unless the cost of wireless WAN
is brought down, new applications and ideas will be too pricey and will have to be
discarded even though technologically, these ideas are feasible.
A combination of different wireless WANs working together to form a more
impenetrable network with better coverage is a possibility. In satellite communications
for example, initiatives have begun integrating the transmissions from the satellites with
terrestrial networks.
"Wi-Fi wireless LAN hot spots will complement fast wide-area data services such as
GPRS (General Packet Radio Service), said Sky Dayton, founder and chief executive
officer of Wi-Fi service provider Boingo Wireless. Boingo on Tuesday announced a
partnership with T-Mobile in which users will be able to connect to Wi-Fi hot spots and
GPRS services with the same account and the same software, Dayton said." (Lawson,
2003)
While wireless LANs are not discussed in this thesis, it is possible that wireless LANs
and wireless WANs work together to form a truly ubiquitous wireless network, stretching
from outer space to the inside of enclosed buildings. The proliferation of Wi-Fi as a
wireless LAN and the growing popularity of GPRS as a wireless WAN in recent years
make this combination possible.
In deciding which technology to deploy in any application, it is important to consider the
speed, cost, coverage and security of the data transmission. In the wireless data industry,
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rapidly evolving standards make it difficult for users to stick with a single technology. By
utilizing several wireless technologies in a single application at the same time, users can
have the best of what each technology has to offer.
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